Tyrosinase (EC 1.14.18.1) is a multi-functional copper-containing enzyme that is essential for melanin biosynthesis in pigment cells (Lerner et al. 1950) . It catalyzes the conversion of tyrosine to dihydroxyphenylalanine (dopa), and dopa to dopaquinone, which are referred to as tyrosine hydroxylase activity and dopa oxidase activity, respectively (Pomerantz 1966) . Previous studies showed by polyacrylamide gel electrophoresis the presence of three or four different forms of tyrosinase (Shimao 1962 ; Burnet et al. 1967; Pomerantz and Li 1973; Hearing et al. 1981 ). However, no information is available whether such a heterogeneity of tyrosinase resides in the gene level.
We have isolated a pigment cell-specific mouse cDNA, pMT4, and provided evidence that it encodes tyrosinase (Shibahara et al. 1986 ). Recently, other groups have isolated and sequenced another cDNAs encoding mouse tyrosinase (Yamamoto et al. 1987 ; Kwon et al. 1988; Muller et al. 1988 ) and a cDNA for human tyrosinase, Pmel 34 (Kwon et al. 1987 ). Furthermore, it was shown that the mouse tyrosinase cDNA, pmcTyrl , encodes a protein possessing tyrosine hydroxylase activity, namely functional tyrosinase. The amino acid sequence deduced from the nucleotide sequence of pmcTyrl shows about 40% homology with the entire region of mouse tyrosinase deduced from pMT4 (Shibahara et al. 1986 ). It is therefore conceivable that there may be at least two tyrosinase isozymes encoded by two distinct genes, and that the enzyme protein encoded by pMT4 may possess dopy oxidase activity instead of tyrosine hydroxylase activity.
In this report, however, we have termed the protein encoded by Pmel 34 (Kwon et al. 1987) or pmcTyrl ) as tyrosinase.
Comparison of mouse and human tyrosinase reveals that the two enzymes are about 80% identical except for the carboxyl termini (Kwon et al. 1987; ). In spite of the differences in the deduced amino acid sequences of carboxyl termini between human and mouse tyrosinase, the nucleotide sequences encoding the carboxyl termini have about 75% homology. Furthermore, the molecular weight (Mr) of mature human tyrosinase deduced from Pmel 34 is about 63,000 (Kwon et al. 1987 ), which appears too big for human tyrosinase of Mr 58,000 (Nishioka 1978) . We therefore wanted to reexamine the nucleotide sequence of human tyrosinase eDNA. Since our aim is to clarify the molecular basis of human albinism, it is of vital significance to know the correct amino acid sequence of tyrosinase. Consequently, we cloned and sequenced the eDNA encoding human tyrosinase, and deduced its amino acid sequence. Furthermore, we present evidence that there are at least two mRNA species for human tyrosinase, which may be generated by alternative splicing. Our observations could provide the molecular basis for the heterogeneity of tyrosinase. 3) . Mature human tyrosinase is thus composed of 511 amino acids of Mr 58 ,000; this value is similar to that reported for the purified human tyrosinase (Nishioka 1978) as well as those for mature mouse tyrosinase deduced from MTY 881 ) and pmcTyrl ) . Human tyrosinase also contains a putative transmembrane segment near the carboxyl terminus (residues 456-481) as indicated by an underline in Fig. 3 . The alignment of the amino acid sequences of human and mouse tyrosinase is shown in Fig. 4 . Human tyrosinase is shorter than mouse enzyme by four amino acids at the carboxyl terminus . The degree of sequence homology is about 86%. Human tyrosinase contains 17 histidine residues , and all of them are also conserved in mouse enzyme . Recently, Lerch (1988) compared the amino acid sequences of bacterial, fungal and mouse tyrosinase and indicated two regions as potential copper-binding sites , which is also supported by a structural similarity between tyrosinase and hemocyanins , the copper-containing dioxygen carriers (R. Lontie, personal communication). Based on their compari sons, we tentatively assign two regions , amino acid residues 154-220 and 343-385, as the copper-binding sites of human tyrosinase (Fig. 4) , which could provide the ligands of the first copper atom, designated as Cu(A) , and the second copper atom, Cu(B), respectively (Lerch 1988 ). In each copper-binding site , three or four histidine residues are present in both human and mouse tyrosinase. It is therefore conceivable that some of these histidine residues may serve as the ligands of two coppers of tyrosinase (Nishioka 1978) .
MATERIALS AND METHODS
Mature human and mouse tyrosinase contain 16 cysteine residues at equiva lent positions (Fig. 4) . Ten cysteine residues are present within the 100 residues at the amino-terminus. Five cysteine residues are clustered between two copperbinding regions. There are six potential N-glycosylation sites (Marshall 1974; Bause 1983 ) conserved in both human and mouse tyrosinase (asparagine residues 68, 93, 143, 212, 319 and 353). Since human tyrosinase contains four asparagine linked sugar chains per molecule (Ohkura et al. 1984) , some of these residues are the functional N-glycosylation sites.
Presence of aberrant species of human tyrosinase mRNA Recently, we have confirmed that the tyrosinase gene is present and its overall structural organization seems to be unchanged in a patient with oculocutaneous albinism (Tomita, Tagami and Shibahara, unpublished observations) . We are currently attempting to isolate and characterize the tyrosinase gene of this patient . The sequence data presented in this paper will enable us to look for the mutations in the tyrosinase gene of albino patients.
